(2) A group whose symptoms and the presence of gall stones made operation advisable, but whose psychological constitution did not allow them to lose their symptoms.
(3) Persistent biliary dyskinesia. This latter group were investigated thoroughly, in 3 intravenous cholangiography (using Biligrafin) showed a dilated duct, in 2 one of normal calibre and in 1 the duct failed to visualize. Liver function tests were normal. It can be suggested that they form a group where the gall bladder is not responsible for all the original symptoms. Thus the presence of cholecystitis and cholelithiasis are signs, on occasion, of a functional disorder of the biliary system as a whole, and in these patients the primary upset has not been focused on the gall bladder-thus removal may precipitate rather than relieve the symptoms. It has been maintained that the removal of a gall bladder without stone or inflammation makes return more likely, in this series 4 out of the 6 with definite symptoms had either cholesterosis or no evidence of inflammation.
In the discussion that followed, the incidence of pancreatitis following cholecystectomy in the elderly was mentioned and the finding of achlorhydria in some menopausal women. [May 4, 1955] DISCUSSION ON THE ENDOCRINE RESPONSE TO TRAUMA Dr. Francis Moore (Surgeon-in-Chief, Peter Bent Brigham Endocrine Response to Surgery The central problem of surgical endocrinology concerns the relationship of the observed endocrine changes to the alterations in tissue metabolism which follow trauma. Our data point in a certain direction but are far from conclusive.
There is a considerable variety of metabolic patterns observed after injury. It is of interest that the differences between these metabolic patterns seem to be determined by the age and nutritional status of the patient, the degree of injury, the presence or absence of hemorrhage. the nature of the anesthesia and, most important of all, the actual details of the wound, be it primary clean soft tissue injury, burn, fracture or infected open wound.
Although the metabolic patterns are variable, most of those which follow extensive injury are associated with transient adrenal activation and show certain common denominators as follows: there is an initial period of bodily tissue destruction associated with early wound changes and lack of absorption of foodstuffs. This is followed by a "turning point", *a phase in which the urinary nitrogen excretion rate is markedly restricted, the wound regains tensile strength and the ingestion of food is resumed. The patient then enters a long period of spontaneous protein anabolism during which muscular mass and strength is regained, and finally a period characterized by resumption of body fat. The metabolic variations concern the tirming of these sequential phases, their intensity and, above all, the inter-relationships between fat, carbohydrate and protein metabolism on the one hand and water and electrolyte metabolism on the other.
The endocrine changes which occur during these phases of convalescence are much less clearly seen than the biochemical and metabolic changes; methods are uncertain and under constant evolution. It is these endocrine changes which concern us here even though their quantitative relation to tissue metabolism remains to be elucidated. The Early Post-traumatic Phase The description by Cannon (1915) of evidences for adrenal medullary activation by pain, fear and injury have been corroborated many times by clinical observation of injured patients. The two most potent stimuli seem to be fear and pain on the one hand and oligoemic shock on the other. Ether anmsthesia also appears to be a potent stimulus to the secretion of epinephrine and related compounds. The clinical manifestations of tachycardia, increased peripheral resistance and sweating have not as yet been correlated with direct chemical assay of adrenal medullary hormones in the blood and urine. These methods are rapidly evolving and in coming years we can expect to see more quantitative data in this area.
The peripheral wound stimulates centres in the hypothalamus which in turn stimulate the anterior pituitary to secrete ACTH. This activation chain has been studied by Hume (1953) and others. There is suggestive evidence that the peripheral wound may stimulate the central mechanisms both by neural and extraneural pathways. The increased blood ACTH concentration results in a sudden increase in the concentration of adrenal steroids in adrenal vein blood, in the peripheral blood and in the urine. Our methods of study have centred on the measurement of the free 17-hydroxycorticoids (17 OHs) in the blood and of the total 17 OHs in the urine. Previous studies in many laboratories have shown that the changes in total 17-ketosteroids in the urine are variable and often inconsequential. Blood 17 OHs, however, increase rapidly with surgical trauma from normal concentrations in the range of 5 to 10 micrograms per cent to concentrations from 40 to 50 micrograms per cent. This increase occurs within six hours of making the incision and in most simple cases of elective civilian surgery the concentration is nearly normal again by the next morning. Ether anmsthesia alone produces increases to the range of 30 micrograms per cent. Nonshock-producing hemorrhage in the normal volunteer apparently produces no significant rise in free blood 17 OHs. The free blood 17 OHs (largely compound F) are rapidly metabolized in the body following a variety of pathways. Some of the hormone is completely oxidized and appears as CO2 (based on tracer study). Some of the hormone is reduced to tetrahydro-compounds. Some appears as 17-ketosteroids, and an amount estimated as about 30 % appears in the urine as the conjugated 17 OHs. The normal urinary excretion in these substances ranges from 5 to 15 mg. per twenty-four hours. After intraperitoneal surgery urinary excretion rises to the range of 30 to 40 mg. per twenty-four hours and remains from one to four days. In open long-bone fractures and in burns a higher peak may be reached (up to 50 mg. per twenty-four hours). Very minor traumata, such as herniorrhaphy, produce small but significant rises.
The blood eosinophil changes are loosely correlated with the steroid phenomena. The rising limb of the steroid curve correlates well with the fall in the eosinophils, and in simple clean soft tissue surgery the subsequent rise in eosinophils correlates rather well with the fall in steroid excretion. But in other settings the eosinophils may remain depressed for some days after the measurable steroid increases are passed.
The adrenalectomized subject maintained on constant doses of cortisone also shows eosinophil and metabolic changes closely resembling the normal pattern, as described by Dr. D. J. Ingle (Ingle et al, 1947; Ingle and Nezamis, 1950) . Experiments carried out by Dr. R. W. Steenburg of our laboratories appear to demonstrate that in the adrenalectomized dog on constant doses of cortisone the blood level of 17 OHs rises with trauma. This suggests that trauma may alter the rate of inactivation or conjugation of the hormone. This is an interpretation supported by other evidence both in human and animal experiments, the details of which are beyond the scope of this brief discussion.
The initiation of increased nitrogen excretion rate correlates well with the increased steroid excretion, and in the first four days after trauma there is a good correlation between total steroid excretion and total nitrogen excretion. After this time the correlation is poor. We hypothesize that the steroid change helps to initiate a metabolic alteration but that the nature of the wound and the local events in the region of the wound, particularly as regards its stage of healing, are of controlling importance in the duration and intensity of this catabolic response.
Alterations in electrolyte metabolism are characteristic of injury. This may range all the way from massive accumulation of fluid in cedematous areas, burns or peritonitis, to the subtle changes in sodium excretion rate referred to as "sodium conservation". These latter changes may be initiated rapidly after trauma or they may not appear for a day or two. As a general rule, early appearance of sodium conservation is followed by early release. In older, more debilitated individuals, and especially in patients with heart disease, sodium conservation may persist for many days or weeks after trauma. This effect would appear to be mediated by aldosterone, but whether there is an increased secretion of aldosterone after trauma or whether the peripheral tissues merely react differently to constant levels has not as yet been established.
Alterations in water metabolism occur after major surgery and may be demonstrated to be distinct from the salt changes mentioned above (Le Quesne and Lewis, 1953 ). This change consists in a decreased tendency to excrete administered water loads, be they given by mouth or by vein. This evident antidiuresis may last only a day or two in well-nourished people but in individuals who are cachectic or suffering from disease of heart, liver or kidneys, this antidiuretic tendency is accentuated and prolonged. The recent demonstration of increased amounts of an antidiuretic substance in the urine of surgical patients (Lewis) suggests that this change in water metabolism is mediated by a humoral substance but the positive identification of increased posterior pituitary activity is, to our knowledge, still lacking.
The Period of Metabolic Reversal
After this initial phase of endocrine activity the patient passes through a period in which there is a clinical "turning point"; appetite becomes more manifest, there is a marked decrease in urinary nitrogen excretion and evidences of adreno-cortical activity become minimal. This phase is very clear-cut in extensive intra-abdominal surgery. In other settings, particularly with bony injury, burns or sepsis, the close correlation between metabolic events and decreased steroid activity is lacking. Whether or not this endocrine correlation is clearly seen, normal convalescence is characterized by a period of markedly decreased urinary nitrogen excretion which then passes on to anabolism, and it is this event which has given rise to the concept of the "corticoid withdrawal phase". It is a period when metabolism resembles that of corticoid withdrawal after short-term high dose administration.
The occurrence of salt diuresis is sometimes seen in this period but with increasing numbers of observations we are impressed with the variability in time of salt changes. We have now observed several patients who have shown clear-cut reduction in nitrogen excretion rate while still actively conserving sodium.
The rise and "overswing" of the eosinophils may occur at this time but it is also irregular.
Despite these variabilities in relationship, the nitrogen reduction is an inevitable prelude to anabolism, and we have never seen it occur in the face of maintained high steroidal activity: steroid reduction is essential for its occurrence, whether or not its cause. The Period of Anabolism and Regrowth Prolonged nitrogen anabolic activity resulting in increased strength and muscle mass is a characteristic feature of surgical convalescence. After clean primary soft tissue surgery this occurs after the fifth to seventh day when the nitrogen excretion reduction occurs. This anabolism can only occur in the presence of a normal dietary intake of nitrogen and calories.
The endocrine setting for this anabolism appears to be one of minimal adrenal steroid activity of the 17 OH type. The 17-ketosteroid excretion is also low. Whether a "growth hormone" of pituitary origin or some as yet unknown anabolic principle of adrenal or gonadal origin is the driving force we cannot say. There are many remarkable metabolic features of this anabolism, particularly its rate and duration. But its endocrine activation is not clear at present.
Uinfortunately the same must be said for the resumption of body fat or anhydrous weight gain which commences late in convalescence and outlasts the other metabolic features.
Its metabolic characteristics are well known but not its endocrine mediation. Like protein anabolism, it also requires an adequate diet. Sunmmary
In summary, then, we may conceive of surgical convalescence as driven by an endocrine engine. The convalescent metabolism has been described but the endocrine forces are less well understood and the precise mechanism by which they produce the tissue changes is unknown. The work that I am reporting was done in collaboration with Professor R. P. Jepson at the Sheffield Royal Infirmary. Our efforts have been directed to the study of two different aspects of endocrine function following surgical operations. Firstly, we have been interested in the serum electrolyte changes which develop after operation and their relation to the action of antidiuretic hormone and water retention. Secondly, we have studied the metabolic changes following bilateral adrenalectomy with the patient kept on a constant dose of cortisone.
Serum electrolyte changes.-Previous observations have shown that following major surgery the serum sodium and chloride concentrations are often depressed below the pre-operative level for several days (Moore and Ball, 1952; MacPhee, 1953) . This change may be extremely conspicuous in those undergoing cardiac surgery and may be accompanied by a rise in the serum potassium concentration (Wilson et al., 1954) . It was also noted in these cases that the fall in serum sodium and chloride concentrations was greater in those having a larger water intake in the post-operative period. There is considerable evidence that a powerful antidiuretic factor is at work in the immediate post-operative period and this may lead to considerable water retention if fluid is given freely (Wynn and Rob, 1954) . We have attempted to assess the extent to which the fall in serum concentrations of sodium and chloride after partial gastrectomy may be attributed to dilution brought about in this way. Changes in serum sodium and chloride concentrations were followed closely before and during the first two days after operation. If no fluid was given either by mouth or intravenously for the twenty-four hours following operation no fall in the electrolyte concentrations occurred, but considerable dehydration resulted. As soon as some fluid was given the fall began, even though the amount was quite insufficient to correct the dehydration. In patients given only small amounts of fluid at operation, insufficient to cause any overhydration, the concentrations fell immediately. The results of these observations indicated that the decreases in electrolyte concentrations could not be attributed solely to post-operative water retention brought about by the release of antidiuretic hormone. In normal subjects administration of posterior pituitary extract only causes a fall in serum electrolyte levels if it is given with a considerable excess of fluid. On the other hand, the post-operative fall may develop without any fluid excess, but is always more conspicuous when the fluid intake exceeds the output. The exact mechanism of the electrolyte changes occurring after operation remains obscure.
Adrenalectomy and constant cortisone dosage.-The relationship of the activity of the adrenal cortex to the metabolic changes that occur after a major surgical operation is still uncertain. It is known that the blood levels of hydroxycorticoids and the urinary excretion of steroid end-products rise post-operatively (Sandberg et al., 1954; Venning et al., 1944) , but these changes do not necessarily reflect an increased secretion of steroids by the adrenal cortex. In the adrenalectomized animal maintained on a constant dose of cortisone, the typical response still develops after an injury (Ingle, 1952) . The operation of bilateral adrenalectomy for the relief of metastatic carcinoma affords an opportunity of studying the problem in man. In our observations we have given a constant dose of cortisone, either 100 mg. or 150 mg./day, beginning several days before operation and continuing with this dose on the day of operation and for the succeeding ten days. On such a regime the eosinophil count regularly falls to zero immediately after operation but subsequently rises, often to high levels, and then falls to about the pre-operative level. After bilateral adrenalectomy a transient fall in serum concentrations of sodium and chloride, an enhanced rate of nitrogen excretion and retention of sodium and chloride all occurred. An increase in the rate of excretion of 17 ketogenic steroids as measured by the method of Norymberski and his associates (1953) appeared for two or three days after operation in some patients. These are all changes identical with those seen after major abdominal surgery in a patient with intact adrenal glands.
One difficulty in the interpretation of these observations is that the adrenals may well produce an excess of secretion during the time between induction of anesthesia and completion of removal of the glands. The pre-operative administration of large doses of hormone probably diminishes greatly adrenal secretion, but the extent and completeness of this suppression cannot readily be measured. Some of the immediate post-operative changes may possibly be attributed to adrenal stimulation but the later metabolic features clearly cannot be due to changing rates of supply of adrenal cortical hormones. The exact role of the adrenal cortex is still undetermined but it is becoming clear that a change in its rate of secretion is not the main factor in initiating and sustaining the metabolic response to an injury. Other mechanisms, as yet undefined, are apparently at work.
Mr. L. P. Le Quesne (Department of Surgical Studies, Middlesex Hospital, London):
Professor Wilson has commented on the alterations in plasma electrolyte concentration which follow operation, and on the importance of recognizing and interpreting these changes correctly. There are similar changes in the urine. For some thirty-six hours after operation there is necessarily a low urine output of raised specific gravity, and for several days after operation there is a diminished concentration of salt in the urine. These changes are a reflection of the post-operative metabolic disturbance, and must not be taken as indications to increase the water and/or salt intake. In the past there has been a tendency to take these isolated findings as evidence, in themselves, of a depletion of water or salt, but the inquiry should be taken one step further back, so that the critical questions become: Why are this p'atient's kidneys conserving salt, or conserving water? Is it because the patient is short of these substances, or are these changes just a reflection of the patient's metabolic response to surgery ?
It is of interest to note how, in the last few years, it has become apparent that factors other than the increased secretion of adrenocortical hormones may be responsible in part for the metabolic response following operation. We now know that the antidiuretic hormone plays some part in this response, and it may well be that there are further, as yet unidentified, factors at work. These changes could be studied much more easily if there were available a simple method of giving patients a constant, palatable intake by mouth, so that metabolic studies could be carried on for many days after operation, without the complexities introduced by a varying intake or the unpleasantness of tube-feeding.
Dr. A. Stuart Mason:
I wish to illustrate one aspect of this problem from data obtained on patients undergoing total hypophysectomy or adrenalectomy for alleviation of carcinomatosis. Fig. 1 shows the effect of total hypophysectomy on salt and potassium balances when the patient was maintained throughout on a constant dose of corticotrophin (60 mg. daily) and a constant salt intake. Post-operative salt retention was followed by a period of salt loss, as in a normal subject undergoing surgery. Similar results are shown in Fig. 2 retention was considerably greater thanl in the succeeding period. The salt intake was high throughout, and experience with other cases had indicated that the amount of s-alt Proceedings of the Royat Society of Medictne 50 intake and hormone administered will influence the degree of retention. Further studies on this patient (Fig. 3) showed a considerable post-operative nitrogen loss with eventual return to equilibriums with concomitant changes in phosphorus and calcium balances. In both patients the metabolic response to trauma was similar to that found after operations on patients with normal adrenals. The results indicate that these alterations of metabolism are not directly related to variations in adrenal hormone output, and that tissue factors play an important part in the body response to trauma. The data obtained supported Ingle's concept (1952) of the "permissive" role of the adrenal.
Professor Charles H. Gray:
In the interpretation of analyses of adrenal steroids in the body fluids it is very important to remember that by the existing chemical techniques only a very small number of the steroids secreted by the adrenal cortex are estimated. There is evidence that the adrenal cortex secretes at least five different hormones. Each of these hormones may be changed in the body to a variety of metabolites which may be excreted in the urine either in the free form or conjugated with glucuronic acid or sulphuric acid. The resulting complex mixture of these metabolites in the urine renders assessment of adrenal function by simple estimations an extremely complicated procedure. The adrenal cortical steroids and their metabolites may be classified into androgens, carbohydrate active steroids, and mineralocorticoids active in inducing retention of sodium and excretion of potassium. In addition, some compounds derived from the adrenal cortical steroids are inactive. It is not surprising, therefore, that existing chemical methods of investigation are inadequate. It seems not impossible that the anabolic and catabolic changes following trauma may be due to the secretion by the adrenal cortex of different proportions of these substances. I
